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vi. 


THEORY OF THE MOON* 


[1837.] 
[Note Book 48.] 


Dunraven Castle, Sept? 25, 1837. 
Let x, y, z be the Moon's geocentric rectangular coordinates; m Moon’s mass; x,, y, , z, those 
of the Sun; m, Sun's mass; u — sum of masses of Moon and Earth. Then 
[uns firn at me, (+94 2) 84m, (02,) 
x (e—2,)*- (y-y + (23, 
(1) | i 


O=2"+ 
and 
O= a) + (u—m+m,) x, (a2 + yc 22) 4 + ma (a? + y! c2?) 3 em (x, —2) 
(2) x {(x—a,)? + (y—y,)? + (2-2, 5; 
0=yY,+ 
O=2" + 
(Hence | 
0— ma" +m, x, +(u+m,) (ma (er +y2+22) +m, x, (2-2 22) 3. ; ) 
If m ( = Moon's mass) be extremely small, we shall have, very nearly, for the Sun's motion, 
the equations of elliptic motion, 
(3) 0=3/+(u+m,)z, Gym) O= , 0= | 
& may conceive z, , y,, 2, expressed thereby as functions of the time t. (And as a mathematical | 
problem we may propose to integrate the 3 equations (1), considering x,, y,, z, as explicit 
functions of t, which satisfy these 3 equations (3). Physically, this corresponds to seeking the 
limiting state of motion of the Moon, when the Moon's mass is considered to tend to the 


limiting value 0.) 
By easy combination of (1) and (3) we get 


(4 0=0- T play) ttm, (02, (e 2, (y 9 e-z); 


p+ 
sif 0t=0 &if | 
t AC HOUR mA ICON 
(5) s=f {5 (#- + + +u(a+y+2) +m, (12, +y-y, +2-2,") Hlan, 
0 , 
ig , M,&, Vis , M, Lio E. pa 
(6) i-i: ae) óxr- + (s 2:72 Ja, 


* [See also Correspondence with J. W. Lubbock, pp. 249 el seq.] 
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VI. THEORY OF THE MOON 239 
This last formula of variation would have resulted equally if instead of (5) we had put 


t 12 12 12 
(7) | SS 4p (22 4- yo 22) 
0 


xx 
+m, (- eter 14 (aa, x, 5 ry—y, y, Tz— 2—z,") Dar 


Besides, the part 
t 
Iaat T Á LE A di 2 — 
ita T y'y, +7'2,) Af 
=f (zx, + yy, +22,)dt= — 


is xx, yy, +22, 
LOBOS E di 
o (22-- y zn 


(ez, + yy, +22, — toto — YoYo — 202,0) 


ptm, 


m, , , 
Wm (+ + toto - ) 


If then we put* 


Ga porem 
(8) Ram n (x—z, -y—y, it T Yy di 
we shall have, by (7), 
TEE 4 22 
(9) Mitral cal ern dt 
, +22, — to L,o —YoY ¡o — 202,0); 
and hence by (6) we have 


12 12 12 
A)... s (m +p (23-1 y? 22) — R) di —a'Bz 4- y/8y +28 — a Bai — 8g — 2192. 


The only thing neglected in this very simple formula is the mass of the Moon; by neglecting 
which we are able to treat the Sun's coordinates x, , y, , z, in R as explicit functions of the time t. 
Accordingly when the Moon's mass is thus neglected, & ôt is made — 0, the formula (4) results 
at once from the 3 known equations 


(B)... Cepero o, 


In fact if we multiply the three equations (B) by 8x, dy, dz and add the products, we get 
a "dx + "y +2"82= pd (x? + y2 - 22)-3 — 8R; 


'.' because 
12 12 12 
a! Ba) +y (ayy +2 (82) = LE, 
we have 
t-t t (a y 4 2/2 
A (ada + y'8y 4- 2/02) = 3l (ER (x2 + y? 4-22)-1 — R) dt. 
tal, 0 
Let x=rcosA, y=rsind, 2=0, 


xz,=u,cosn,t, y,=a,sinn,t, 2,=0, a?n?=y+m,; 
so that the Sun’s orbit is now supposed to be circular and the inclination of the Moon’s orbit is 


neglected. 
Then the fundamental formula (A) becomes 
' PIHTA? p , 2)! L 23^ . 
(O)... > Hur UESH di —r'àr + 3X8 — 19579 — 13A Do; 


* [See p. 51.] 
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also 
(D)... R=m, [E08 C=") ta 2a, reos M-m). 
At the same time the differential equations (B) become 
q 
(E)... eno; (xy + Emo. 


Besides we may put, with a great degree of approximation,* m, =a*n?, neglecting Earth's mass 


, 1? 


in comparison with Sun's; and then if in general we make (1 — 2ap +02) 3 = 1 +a P, -- o3 P, + de., 
and put also p — cosA— n, t, we shall then have 


— Ran? +n? (ee Pe P,+ &c. ) 
Hence, 
(F)... (A B) denga | (rP, Pie P te.) at 
=1'8r + 1? SA — ro Oro — TRAGSAg- 
As a first approximation we may neglect n,; (which comes to treating the month as very 
small in comparison with the year;) & then we may take elliptic values for r and A, (that is, for 


the moon's geocentric radius vector and geocentric longitude,) which values, if we retain only 
the 1% power of the excentricity e, will be 


r=a—aecos(nt+e—aw)=a—aecosé, (ifé=nt+e—w,) 
A=nt+e+ 2esin (nt 4- e — 9) — nt + e+ 2esin£; 
also p — a?n?. 
Accordingly these expressions give, when we put 
k-ecos(e— 0), l-esin(e— o), 
r —a(1—kcosnt--lsinnt), A=nt+e+ 2ksin nt 4- 21 cos nt, 
=n (1+2kcosnt— 2 sin nt), rA? — a?n? (4 + k cos nt — L sin nt), 


t [32 2/2 ——_ 
af (E +) de (quart + 2atn (bsinnt+Icosni— 1) 
0 


— a?n (t8n + 28k sin nt + 281 cos nt — 1) 2 a£4 8 (À — à) = a2n 8A — a?n. ne 
=P ADA — 13 Ag DA = r'Or +12184— ro ry — r8 Ao Ag - 
In these last equations it has been supposed that k te l vanish after the act of variation 8 


has been performed, but if we even retain terms of the 1% dimension with respect to k & l, we 
find that the differential equations 


r' rA? + E =0 and (7A) —0 are satisfied. 


* 
3,9 — Lad : : aA MR. ST ps UR 1 1 ia pl i 
L m», ( +E) . We have the following WT values: m, 330,000 n 713! *7 39! a, ^ 300 


the tangent of the inclination of the Moon’s orbit — E and the excentricity of the Sun's orbit — a Brown, 


Lunar Theory, pp. 42, so. 
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As a second approximation we may take the differential equations 


òR òR 
NR E — (y22! Y 
0—r"—rAÀ tatg 0 — (121) t3 
retaining in R only the term 
n? 


2 cht ide 
x (1 +3 cos 24 — 2n t). 


—niriP,= — 
At the same time, 
t y'2 4 2232 p t RENS T T ae , 7) 1 , 
af (^ +H) at pia fea + 3 cos 22 — 2n, t) dt =1'dr + 1281 — ro Sro —r34,0%s - 
We are now to employ the expressions 
r=a4(1—kcosnt+1sinnt), A=nt+e+ 2ksin ni + 21 cos nt; 


but are no longer to consider a, n, e, k, l as constant. We are however to suppose ry — a (1—k), 
A) = e +21; but r’, A”, 9, Ay will now have new values, at least in the 2"4 member of the formula 
df &c.=7'dr+ &e., though in the 1st member of that formula the values of 7' and A” remain 
unaltered. We may *.' make, in the 2" member of that formula, (if we neglect n?k and n?) 


r=Ar', X=n+A%, ro=Ari, A=Nt+AA, r=rp9=0, 
dr=84-—adk.cos nt+a0l.sinnt, SA=tdn+5e+ 20k . sin nt + 200 . cos nt, 
órj—9a—a8k, SA =0€+ 201, - 
& we may suppress in it the part a?n (8A — 82,), if we suppress in the 15t member the part 


t /y2 23/2 
Jj d > - +!) a 
0 
by which means it becomes* 


Ar’ .(8a—a8lk.cos nt+a8l. sin nt) +a2A1 . (t8n + Se + 28k . sin nt + 201 . cos nt) 


* t p: OP YOLA TUS" P 
— ri. a —abk) —aPAX,.(Be+ 280) = pm | r (14-3008 3À — 2n, 0) dt — 85; 
0 


t ——————— c c—- 
that is, after expressing s= 23] r2(1+3cos 2 — 2n, t) dt 
0 
as a function of a, n, e, k, l, t & taking its variation relatively to n, e, k, l, (observing that 


a—(u[n*)3 & °° 8a— -358n) 


às e 2a , , 2 um òs _ 2 Es AT 
ij^ = gunn — Ary) + @t Ar’; Fi! (AA Ano); 
- — à (Ar' . cos ni — Arg) + 2a?AX' . sin nt; S = adr . Sin nt + 2a? (AX . cos nt — Ado). 


These four equations will give, by elimination, expressions for Ar, and AA, of the forms 


ds às ds és 08 ôs 
Risp t Baget Bast Rasy and Ligte tT 
R4, ... L, being functions of n & t; while 2*. b °F are functions of n, t and n,. 


* [See First Essay, p. 161, (G*.).] 


HMPII 3t 
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Besides, if we neglect the products of n, k, l, we may retain the expressions thus found for 
Ar; and AA, and substitute them in these new equations 


r¿=anl+Arj, Aj=n(1+2k)+A2j; 
with which we are then to combine the 2 equations 
ro9—a(1—k), A =e+2l, (and aén?= ,) 


in order to get n, e, k, | (and a) as functions of ry, Ap, 79, Ap, t and n, : which functions are then 
to be substituted in the expressions 


r=a(1—kcosnt+1sinnt) A=nt+e+ 2ksin nt + 21 cos nt. 


To effect this substitution, it is convenient* to change a and n, e, k, l to a + Aa, n+An, e+ Ae, 
k+ Ak, 14 Al, and to establish the equations 


To=a(1—k), A)=e+2, rọ=anl, M-mn(1-2k), an?= y, 
and 
0—Aa—aAk, 0=Ac+2Al, 0=anAl+ Ang, 


O=An+2nAk+AA,, Aa= -—2aAn/3n; 
after which we shall have ' 
Ar — Aa — a Ak.cos nt J- a AL .sin nt; Al=tAn+Ae+ 2Ak . sin nt + 2AL. cos nt, 
and finally 
r=a(1—kcosnt+Isinnt)+Ar, A=nt+e+ 2ksin nt + 21 cos nt 4- Ad; 
in which expressions a and n, e, k, l are constants independent of the time t. 


In this manner we have 


Aa =4 Ak; An- — Ak; Ak= — LAN; 


, — a, — 1 , ein 2 l. 
An=3AA,, Aa=-— z Ad; and Al=-— a Ar,,  Ae= Ar: 
therefore 


Ar= — "8 (1 — cos nt) AX — sin nt. Arg; 


AA= (9-72) AN +. (1—cos nt) Arg. 
an 
Besides, by the equations near the foot of page 241, we have 
f Au E. ire aC uo , 188] 3n088. 
AA = Any + T Ar = Aro + 3ant (wis) m E" 


* [Six variable parameters are introduced: Arg, Adj, An (or Aa), Ae, Ak, Al. Tt is possible therefore to prescribe 
four relations between them. The four given above are not the usual relations employed. Cf. Appendix, Note 7, p.628.] 
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also, sin nt. S + cos nt. s= 2a! (AY — cos nt AN) +a Arsin nt 


= 242 (1 — cosnt) AN +asin nt Ar, +2% = -anAr £22, 
€ 


243 


and 
08 — nat 98 ; i y 
cosnt. 7 — sin nt. az= — à Ar' +a Ar, cos nt + 2a?AX, sin nt 
= —Q (1— eos nt) Arg + a? ( — $nt + 2 sin nt) Ad, — po 
an 3ntós 3n0s 
WIN Gp E E 
therefore 
208.1 ôs òs 
Are vi a (sinn + costs), 
ds Os 2 08  . 08 
AXA-— z A tic) — aim (eon nt ime. 
To calculate s, we have 
r? =a? (1 — 2k cos nt + 2L sin nt), 
2A — 2n, t— 2 (n — n) t4- 2e + 4k sin nt 4- 4L cos nt; 
1 + 3cos (2A — 2n, t) = 1 + 3cos (2nt — 2n, t + 2c) — 12 (k sin nt+1cos nt) sin (2nt — 2n, t+ 2e) ; 
saya {l+ 8008 (2nt— 2n, t 4- 2e)} (1 — 2k cos nt — 2l sin nt) 
— 12 (ksin nt +1 cos nt) sin (2nt — 2n, t+ 2e) 
= 1+ 3cos (2n£ — 2n,t+ 2e) — 2k cos nt + 2l sin nt 
+ 3k {cos (3nt— 2n, t + 2e) — 3 cos (nt — 2n, t+ 2e)} 
— 3l (sin (3nt— 2n,t+ 2e) + 3sin (nt — 2n, t + 2e)); 
4s : 
ona i de 2e) — sin 2 
n it. (sin (2nt — 2n, t + 2e) — sin 2e} 
2 3 H 
2] Zi i — 2n, t+ 2c) — sin2 
eee T cha O Aene (Re n, t+ 2e) — sin 2e} 
9 f ; 
Er N (sin (nt— 2n,t+ 2e) — sin 29) 
+ la? 2 A egent + (008 (3n — 2n t + 2e) — cos 2e] 
m n 3n — 2n, > 
Otem (cos (nt — 2n, t+ 2€) cos 24}; 
oo 2 
a Arm = (cos 2nt — 2n, t -- 2e — cos 2e) +— (1 — cos nt) 
an? —n, n 


-5 = (cos 2nt— 2n, t -- 2e — cos nt — 2e) 


(cos 2nt — 2n, t+ 2e — cos nt + 2e); 


www.rcin.org.pl 


31-2 


244 . VI. THEORY OF THE MOON 


9nt COS 2e 
n—n, 


4n 3 PUNO 

d eee = — A 1 ei aa 
an m AA ee 2n — 2n, (sin 2nt — 2n, t + 2e sin 2e)| + 
RT me m YS EET "A 
“TA gr E O E D td 


6 "02 E > a 
in n (sin 2nt — 2n, t + 2e + sin nt — 2e) 


8 ET UA MEC TET TL AA 
u$ CN (sin 2nt — 2n, t + 2e — sin nt + 2e). 
(As verifications, des ise cic ER for Ar and AA should not only vanish themselves when 
t=0, which they evidently do, but also their differential coefficients, taken with respect to t, 
should vanish at the same time; we ought *.* to have 


=—-12+3+9 & 0=-—444+c0s 2e (— 12— 64-18); 
& so we have.) 


It results then from the foregoing calculations that if squares € products of n?, k, l be 
neglected, the two differential equations of the 294 order 


2 tr n RAE ec 
O=r" - rV 4 5777 (14 3008 22—2n,1), 0 = (r)’)’ Pe x: Bn nA - 2n, t, 
(in which u and n, are constant,) admit of having their integrals expressed as follows: 
2 
r=a—akcos nt +alsin nt +5" (1—cos nt) 


n 3an? 
4n 


- (cos 2nt — 2n, t 4- 2e — cos 2e) — cesi (cos 2nt — 2n, t+ 2e — cos nt — 2e) 
=n, 3n — 2n, 


- (cos 2nt — 2n t + 2e — cos nt + 23); 


9n cos 2e pu n? 
-H 


2t 
A=nt+e+ 2ksin nt + 2 cos nt: 1 A — sin nt 
n 4(n—n,) 


3n? 
4n 
d — (sin 2nt — 2n, t + 2e + sin nt — 2e) — 


2 3n ur m 
o VP z —sin 2 
Ii "dud >) (sin 2nt — 2n, t+ 2e — sin 2e) 


6 A do CPU UN PROC HS 
i — —sin nt + 2e |; 
3n — 2 n—2n, (sin 2nt — 2n, t + 2e — sin nt + 2€) 


in which a and n, e, k, l are 5 arbitrary constants determinable by the 5 conditions 
To=a—ak, Ag=e+2l, ry—anl, A=n+2nk, a®n?= yp. 
These expressions may be put under the forms 


3 2 
rafia t (odes 
t n; 1 3n s aci d a cos 2 
i pesi ont 2 |3n—2n, n—2n,) ^ 
t 14908 TAPA sin 2 
nic 3n—2n, n—2n, Y 


¿San 2 1 
4n \n—n, 3n—2n, n—2n, 


| cos (2nt— 2n, t + 2e); 
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A rd) 


: n? 3n 1 3 
+2sinnt {+ (ta) 0.2)) 


3n2/ 1 Puys 
&2cosnt L2 (si a) sin 29] 


3n? / 2 3n 2 6 
E DAA PRA E A, D MÀ E 2e). 
4n (rr Rt $m. sg.) sin (Ont MRN E 


In the same order of approximation, if we put 


2 E 2 
n=n—™(1- oneal a= al nas me ( car 


n 4 (n—n,) n? Bn? | 4(n—n) 
n? 3n 1 3 3n? 1 3 Ea 
kertih- (s nu) cos 2e); T n (ssa. gs.) sin 26 


Met M. WC MAE. sin 2e; 
^A 2n(n—n,) 4 (n—n,) " 


2 
rea [1- gs - kconnt c sinnt] 
6n 


Jam?/ 2 I dd 
+ (aa) Ot 2m, t+ 20) 
A=ni+e + 2k sin nt + 21 cos nt 
Sn? ( 2 3n 2 « 
Miro (.— n, T mn, Zn} T Cup cm 2n, LOU. 5 sin (2nt — 2n, t 4- 2e). 
Developing, we have 
2 2 1 1 3 3 
o 
: à id n, 4 38m A 
if we put for abbreviation quc. & neglect m?; '* sum = WC and similarly 
2 2 3n 3 2 6 6 
n—n it he ery 2(n E t E t 9 $n—35, an 0. P A a+ me); 
sum = -&- e ; .' putting for abbreviation 7 — n£ — »,£-- e, we have 


m s 
1 —— —k cos nt + lsin ni — m? 


19m 
6 (1 + A) COS d , 


r=af 
A=nt+e-+ 2 (ksin nt +1cos nt) +m? (5+) sin 27; 
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and accordingly these agree, so far as they go, with the expressions of M. Plana, as cited by 
Mr Lubbock,* in the Appendix to the 1% Part of his Theory of the Moon. 


We might have commenced our 2^4 approximation by retaining in R the two terms 


2 
n j ; 
—n?r* P, and — E 1? P4; in which 
, 


3 E 3 Y MP MES 
P,- (25) È ) = ds (5 - 3p'- 3p — 1)" = P P § eos A n, -così nt 


. 5ce0s 3A—3n,t+3cosrA—n,t 
TO 


so that we should thus have had 


n? [t RAE eo 
v 4 j^ ( T , 
while Ar and AA would still have been given by the formulae of page 243, 
ôs ôs 5s às 8s às ds 
Ar (25: $c — sin nt — S% — cos nt a) M=- (an e 3nt — 2008 nt + ?sinaty). 
If then we put 
t Deer PANE AUE UR 
e| 1? (3 cos A — n, t + 5cos 3A — 3n, t) dt, 
0 
and 
NA aA . à às" às" às" ds" 8s" 
ra 25 sina + — — cos nt — PL A zm = 3n— — 3nt — $e —2eosnt ir + 28in nt — FE 
22 
we shall only have to add sa efi ; and fea a to the values already found for r and A. 


In developing s` we are to use for r and A their 15t approximate values 
r=a—akcosnt+alsinnt, A=nt+e+2ksin nt + 2 cos nt, 
which give 
1? = a3 (1 — 3k cos nt + 3l sin nt), 


3cosA—n,t=3cosnt—n,t+e—6 (ksin nt +1 cos nt) sin nt — n, t e, 
5cos 3À — 3n, t — 5 cos 3nt — 3n, t + 3e — 30 (ksin nt + leos nt) sin 3nt — 3n, t + 3e, 


i 28" _ 


r3 PA did bir nd 
P a (BcosA—m,t n, t+ 5cos 3A — 3n, t) = 6 cos nt—n,t+e-+10c0s 3n£ — 3n,t+ 3e 


— 6 (k cos nt — lsin nt) (3cosnt—n,t+e+ 5 cos 3nt — 3n,t + 3e) 


— 12 (ksin nt +1 cos nt) (sin nt — n, t -- e - sin 3nt — 3n, t+ 3e); 


* [Lubbock, Theory of the Moon (1834), Appendix, pp. i, viii [1]. Brown, Lunar Theory, p. 110.] 
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` 3a? . tain Eee r 5a? . 3nt— 3n t+ 3e . 3 
wi o Ero a ee Drm nt — 3n,t+ 3e — sin 3e) 
3ka? — —- 1 a a E 
=" [2 ein t= —e+sine) +57 (sin 2nt — n, t 4- e — sin e) 
2 n —n, 
+ ae “a 2nt — 3n,t+ 3e — sin 3e) — : (sin 4ni — 3n, t+ 3e — sin 3«) 
BAN MC mE ET °- 1n— 3n, 
3la? ——-— 1 — 
Aa bike poner (cos 2nt — n, t 4- e — cos e) 
Viri censos a ei 5 do id 
Sa Sa. (cos 2n£ — 3n, t 4- 3e — cos 3e) — pup v (cos 4nt — 3n, t+ 3e — cos z : 


& consequently, 
3 


iiie NM NE n, Le — cone) +— e (cos ni in, t+ 3e — cos 3e) 
3a? — m — 1 - —— — 
+ B. (Q8 RED ajdt e o08 BÍ re) + (008 mb 8 + « — 008 ni — «) 
2 (n, 2n —n, 
— : (cos 3nt — 3n, t -- 3 cos nt + 3e) — : (cos 3n£ — 3n, t 4- 3 BUS um» 
2n —3n, di ai 7 4n—3n, an Pers j 
and 
o ER o PP IRR 
NO (ein nin, tHe sin e) +5 (sin Snf 3n, E Be—sin 36) 
SOM (8 cote TOET Sc) 
n—n, 
MS e illa 1 rca p. N rare 
~ 308 {> (sin nin, E c— sinn) - 7 (sin nt — n, t -- e 4- sin nt — €) 
15 reped caer 5 qe ER IA 
-gp pp Cin Bat 3n HE Besin MF Se) + q q (sin nf Bn, t+ Be + sin nd— e). 
We have only to add 
to k the terms 
As 54 ie cose—5 eee... m d ) cos 3 > 
16a, n 2n—n, |. A2n—3n, 4n—3n, pt 
to 1 the terms 
ane: b— —" _\ sine—6 vol srt aam sin 3e +; 
16a, n 2n—n,)] ^ “l2n—3n, 4n—3n, di 
to e the terms 
la nè 3n— 2n 
Ap KAAI E On ae, 
to n the terms 
` da mq 
Pa a ^ Min iiti WEM 
and aae (because a?n? = u) 
to a the terms 
la? 
«¿Mira M E I 
4a, nn— 
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& we shall have (making m, nin, t+e=r) 


A=nt 2k sin nt + 21 ME.: E BE o OPE. iu $ va sin 27 
Tuer 4 |I-m" 3(1—m)? 3—2m 1-2m 
3m a m  Sm(3—2m) .  5m*a( 9 3 3-2m n 
ERE dy er (I-mj [aot te a (3-3m 4—3m (m 
y m? t 9m? (. 2 1 3 
¿=1=G—koosnt+18innt+=— 4 IE a 8” 
3m a m 4m 5m? a 9 3 4 
ta [so ticu iT zz m4 5m Do] O88 
Developing, 
11 af " 17 47m?\ . 
À— ni +e + 2ksin nt + 21 cos nt + m? m sin Sees 5 a m bs sin Tr 
8*12 ; ET. 
4, ¿mn p, 2508 sin 37; 
32a, 4 T) 
r , m? a 19m 3ma 9m 17m? 
a" l-kcosnt+lsinnt— -5 —m (1+ 6 o) 008 2r + Toe (5g y ITRE) cose 
| 5m?a 53m 
~ 64a, (5+ 7) cos 37. 


And accordingly these equations are integrals, in the present order of approximation, of the 
following system of differential equations of the 21d order: 


Ea nr 


—rA? + 


hi. r? 


Ee ye Se lamer he po 
(rA y 2 — sin 2A — 2n,t——7^— (sinA—n,t+ 5sin 3A — 3n, 1). 

Yet the coefficients of sin 7 and cos 7 do not agree except in their first terms with the expres- 
sions of Plana and Lubbock.* 

* [In the remainder of this manuscript Hamilton attempts to verify that these equations for A and r satisfy 
the differential equations of motion to the present order of approximation. Actually he recognised later (see 
page 275) that the approximations of Plana and Lubbock were correct. Lubbock, loc. cit. pp. vi, xviii [101]. 
Brown, loc. cit. p. 241. See also Appendix, Note 6, p. 627.] 
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